We have identified two highly conserved mouse genes encoding bone morphogenetic protein 8A (BMP8A/OP2) and 8B (BMPSB). The two loci are tightly linked on chromosome 4, suggesting that they arose through a recent gene duplication. Contrary to previous reports, neither gene is expressed in the early postimplantation mouse embryo (7510.5 days post coitum) as judged by a variety of sensitive techniques. By contrast, high levels of Bmp8a RNA are found in the decidual cells of the uterus, and both genes are expressed in the trophoblast cells of the labyrinthine region of the placenta and in the inner root sheath of hair follicles of early postnatal skin. In addition, both BmpSa and BmpSb are expressed in the testis during specific stages of spermatogenesis, with the highest levels of RNA in stage 6-8 round spermatids after 3 weeks of age. Bmp8a and 8b are, therefore, the first members of the transforming growth factor /? (TGF/l)-related gene family to be found expressed in the germ cells of the testis, rather than in the somatic Sertoli cells. These results suggest that BmpSa and 8b are not required for development of the embryo proper but regulate aspects of cell proliferation, survival and/or differentiation during spermatogenesis and placentation.
Introduction
The bone morphogenetic proteins (BMPs) are members of a large, highly conserved, family of extracellular polypeptide signaling molecules related to transforming growth factor B (TGFB). There is now considerable evidence from expression studies, and from the in vivo effects of misexpression and mutations, that Bmp genes play key roles at many different stages of embryonic development, in both invertebrates and vertebrates (Kingsley, 1994; Massague et al., 1994; Hogan, 1995) . In the mouse, both spontaneous and introduced mutations in a number of Bmp genes have thrown light on their functions in vivo. The first example to be described was a series of short ear mutations, which result from alterations in the Bmp5 gene (Green, 1968; Kingsley et al., 1992; King et al., 1994 skeletal system, as well as abnormalities in the lung, kidney and ureter on some genetic backgrounds. Mutations in other Bmp genes have been generated by homologous recombination in embryonic stem cells. For example,
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homozygous null mutant mice die shortly after birth with major defects in eye, kidney and limb development (Dudley et al., 1995; Luo et al., 1995) . Most Bmp4 homozygous mutant embryos die around the time of gastrulation and many show a deficiency in extraembryonic and posterior/ventral mesoderm (Winnier et al., 1995) , a finding consistent with the effect of BMP4 on mesoderm patterning in Xenopus embryos (Jones et al., 1992; Graff et al., 1994; see Harland, 1994, for review) . Mutations have also been described in other members of the BMP superfamily, including mouse nodal, and G&5 (GdfSbp brachypodism) (Zhou et al., 1993; Conlon et al., 1994; Storm et al., 1994) . Detailed analysis of the phenotype of all of these mutants is still underway. However, the results to date strongly support the idea that BMPs affect the proliferation, survival and/or differentiation of target cells, and mediate inductive tissue interactions during development.
As part of our ongoing investigation into the roles of BMPs in mouse development
we have undertaken an analysis of the temporal and spatial expression of the gene encoding BMP8 (Kingsley, 1994) , also known as osteogenic protein 2 (OP2) (Gzkaynak et al., 1992) . Although it appears that only a single Bmpd gene is present in humans (A.J. Celeste and J. Wozney, personal communication), we show for the first time that there are two highly related and closely linked genes in the mouse, that we have designated here Bmp8a and Bmp8b. Previous studies had concluded that Bmp8a/Op2 is expressed in the 8.5 and 10.5 days post coitum (d.p.c.) mouse embryo, as judged by Northern blot analysis of poly(A)+ RNA (Gzkaynak et al., 1992) . However, as reported here, using a variety of different techniques (RNAse protection, reverse transcription-polymerase chain reaction (RT-PCR), cDNA library screening and in situ hybridization) we have been unable to detect either Bmp8a or Bmpdb transcripts in the embryo proper between 7.5 and 10.5 d.p.c. By contrast, high levels of RNA were found in the placenta and decidual cells of the uterus around the embryo. We also found that both Bmp8a and Bmp8b are expressed in the germ cells of the testis at specific stages of spermatogenesis. Although three other members of the TGFB gene family, Mtlllerian inhibiting substance, activin, and inhibin, are expressed in the testis, their transcripts are found predominantly in the somatic Sertoli cells (Steinberger and Steinberger, 1976; Bicsak et al., 1987; Meunier et al., 1988; Bhasin et al., 1989; Cate et al., 1990) . Bmp8a and Bmp8b are therefore the first members of the Bmp gene family reported to be expressed in the germ cells of the testis. Taken together, these findings raise the strong possibility that BMPSA and BMPSB are required for mammalian spermatogenesis and maternal-fetal interactions, rather than for embryonic development.
Results

Molecular cloning of Bmp8b
A mouse Bmp8a cDNA fragment containing exons 2-7 was used to screen a mouse 129/SvJ genomic DNA library in lambda Fix11 at high stringency. Nine positive clones were purified from 5 X lo5 plaques. Two overlapping clones corresponded to Bmp8a, starting from the middle of intron 1 and ending downstream of exon 7. The seven remaining clones were derived from a different genomic locus. Sequence analysis revealed that the new locus, Bmp8b, contained DNA sequences with a high degree of identity to those of Bmp8a. Based on the sequence information in the mature region of the presumed exon 4, we designed specific oligonucleotide primers and performed 5' rapid amplification of cDNA ends (RACE)-and 3' RACE-PCR with RNA isolated from 14.5 d. deduced amino acid sequences of BMPSA and BMPSB is shown in Fig. 1 .
Bmp8 genes share high levels of sequence identity and similar genomic organization
Sequence identity between Bmp8a and 86 at the nucleotide level is limited to the coding region plus about 20 flanking base pairs in both S'UTR and 3'UTR (data not shown). DNA sequences encoding the pro-region share 91% identity while sequences encoding the mature region share 83% identity. As shown in Fig. 1 , both BMP8A and 8B proteins contain 399 amino acids. Their amino acid sequences in the pro-region share 87% identity, while those of the mature region share 76% identity. This is exceptional among all the known closely related TGFj9 superfamily members, in which the mature regions which are generally more conserved have higher sequence identity than the pro-regions. The sequence homology of the BMP8 proteins with other TGF/l superfamily members decreases significantly.
None of the two overlapping clones of Bmp8a and the seven overlapping clones of Bmp8b obtained from the lambda Fix II mouse genomic DNA library contain coding exon 1. However, based on the information from Southern blotting, restriction mapping, and sequencing, both mouse Bmp8a and 8b have a similar genomic organization (including exon/intron boundaries and size) as human 0~2, the homolog of mouse Bmp8cz (Gzkaynak et al,, 1992) . For detailed information of the Bmp8 genomic organization, please refer to Gzkaynak et al., 1992. 2.3. Bmp8a and Bmp8b are closely linked on chromosome 4
The Jackson Laboratory interspecific backcross panel (BSS) was used to map the chromosomal localizations of Bmp8u and Bmp8b. Restriction fragment length variants (RFLVs) between C57BL/6 and Mus spretus were identified for each gene using probes derived from a Bmp8a DNA fragment downstream of the 3' UTR (exon 7) or from a Bmpdb DNA fragment in intron 6 (for details see Section 4). For both genes, RFLVs were detected using the restriction enzyme MspI. In both cases, 94 of the (C57BL16JEi X SPRET/Ei) Fl x SPRET/Ei backcross progeny were typed for inheritance of the Mus domesticus or Mus spretus alleles and the distribution pattern of each allele was used to place the locus onto the interspecific map (Rowe et al., 1994) . As shown in Fig. 2 , both genes were assigned to chromosome 4, with no recombination in 94 animals with the marker D4Mitll.
This shows that Bmp8a and Bmp8b are closely linked and suggests that they arose by duplication of a single gene. When the location of the two Bmp8 genes on chromosome 4 according to the Jackson Laboratory backcross panel data is compared with the composite chromosome 4 map in the Mouse Genome Database (MGD) (data not shown), the only potential candidate for a mutation in Bmp8a/b is &.r (skeletal fusions with sterility) (Handel et al., 1988) . In males homozygous for this recessive mutation, the majority of germ cells are arrested in late stages of meiosis. It remains to be seen whether Bmp8a/b and sks are allelic.
Expression of Bmp8 genes during development
To begin to investigate the function of the Bmp8 genes, we first studied their expression pattern during mouse embryogenesis using a battery of techniques including Northern blotting (data not shown), RNase protection assays (Fig. 3) , wholemount in situ hybridization (data not shown), in situ hybridization of sections (7.5-10.5 d.p.c. in Fig. 4) , and screening an 8.5 d.p.c. mouse embryo cDNA library. However, we were unable to observe detectable levels of Bmp8 expression in embryos at these stages. The conclusion from all these experiments contradicts the report of Gzkaynak et al. (1992) in which high levels of Bmp8u (0~2) transcripts were detected in 8.5 and 10.5 d.p.c. mouse embryos by Northern hybridization. Nevertheless, when we performed RT-PCR using RNAs isolated from uterus and placenta of different stages, high levels of Bmp8a messages were detected in both tissues, and Bmp8b was detected in placenta only (data not shown). RNase protection assays using RNAs 
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BmpSb J'UTR 500 bp from these tissues and from embryos ( Fig. 3 ) confirmed our findings with RT-PCR. To localize transcripts in placenta and uterus, we performed in situ hybridization with antisense RNA probes corresponding to the unique 3' untranslated region of Bmp8 mRNAs. As shown in Fig. 4 , high levels of Bmp8a transcripts were detected in decidual cells between 7.5 and 10.5 d.p.c. Lower levels of expression were also detected in trophoblast cells (Fig. 4D ,G,J). Although very low levels of Bmp8a transcripts were found by RT-PCR in the non-pregnant uterus (data not shown), no strong in situ hybridization signal was observed in 5.5 d.p.c. deciduum and uterus (data not shown). Therefore, expression of Bmp8a increases significantly between 5.5 and 7.5 d.p.c. Bmp8a transcripts decrease to levels undetectable by in situ hybridization after 11.5 d.p.c. (data not shown).
The highest levels of Bmp8a expression were observed in the antimesometrial region of the deciduum, and a decreasing gradient was noted mesometrially before 9.5 d.p.c. At 10.5 d.p.c., although the overall level of expression decreased, the highest expression was found in the mesometrial region. Bmp8a expression in decidual cells is independent of embryo implantation. This was determined by injecting mineral oil into the uteri of pseudopregnant mice, to generate deciduomas in the absence of an embryo. Bmp8a expression in the deciduoma faithfully reflected the normal expression pattern after embryo implantation.
Bmp8b transcripts were detected predominantly in trophoblast cells in the labyrinthine region of the placenta starting at about 9.5 d.p.c., and transcripts were still detectable at 16.5 d.p.c. (data not shown). Although a very low level of Bmp8b transcripts seemed to be present in 13.5 and 15.5 d.p.c. embryos by RNase protection assays (after longer exposure of the gel in Fig. 3 ; data not shown), transcripts could not be detected in the embryo proper by in situ hybridization (data not shown).
Expression of Bmp8 genes in male germ cells
Among the adult tissues assayed by RNase protection (heart, brain, lung, kidney, liver, spleen, thymus, skin, skeletal muscle, testis, and ovary), only testis contained detectable Bmp8 signals (data not shown). Therefore, in situ hybridization using 35S-labeled antisense RNA probes was performed on testis sections. During mammalian spermatogenesis, the early spermatogonia (stem cells) divide mitotically to give rise to primary spermatocytes. These, in turn, give rise to secondary spermatocytes and spermatids through meiosis. As reviewed by Russell et al. (1990) , during mouse spermatogenesis the seminiferous tubules, which contain germ cells and somatic Sertoli cells, are arbitrarily divided into 12 stages indicated by Roman numerals. In this staging system, the morphology of acrosomes (stained by periodic acid and Schiff s reagents) and nuclei (stained with hematoxylin) of the spermatids serve as critical markers. The development of spermatids is divided into 16 stages indicated by Arabic numerals. Strictly regulated cellular associations among germ cells of different stages can be observed in different regions of the seminiferous tubules. As shown in Fig. 5 , transcripts for both Bmp8 genes were detected in stage 6-8 round spermatids in a similar temporal and spatial pattern. Strong hybridization signals first appeared in testes of 3-week-old animals, a time when round spermatids first differentiated to stage 6 (data not shown). Weak signals were also detected in some pachytene spermatocytes in the testes of younger animals before 6 weeks of age (as shown in Fig. 5M,N) . The strongest hybridization signals were observed in late stage 7 and early stage 8 round spermatids, and signals decreased dramatically when spermatids started to elongate (stage 9).
Expression of Bmp8 genes in the developing hair follicles
Bmp8 transcripts were detected in the developing hair follicles in addition to the placenta and male germ cells.
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Discussion
Among all known closely related members of the TGFjl superfamily, BMPSA and 8B show the highest levels of sequence identity, especially in the pro-region. The two genes encoding these proteins are closely linked on mouse chromosome 4 and share a similar genomic organization (intron/exon size and boundaries), suggesting that they arose by a recent gene duplication. However, although their expression patterns are similar, they are not identical. In male germ cells, both genes are expressed at the highest levels in stage 6-8 round spermatids and at lower levels in pachytene spermatocytes. In the developing uterus and placenta, BmpBu is expressed at high levels in decidual cells and at low levels in trophoblast cells, and its expression decreases to a level undetectable by in situ hybridization after 11.5 d.p.c. In contrast, BmpBb is not expressed in the maternal component of the placenta but in the labyrinthine region of trophoblasts, where its expression persists up to at least 16.5 d.p.c. Another obvious difference in Bmp8a and 8b expression patterns is that Bmp8u is expressed at high levels in the developing hair follicles of early postnatal animals while Bmp8b is only expressed at a level slightly above background (data not shown). Such differences in expression patterns suggest that following duplication of Bmp8u and 86 genes, regulatory elements outside the coding exons have diverged, allowing some elements to be lost and/or others to be gained.
Recent studies have revealed a remarkably wide range of responses of cells to the addition/overexpression or absence of members of the BMP family of signaling molecules. These results suggest that the in vivo function of BMPs may vary significantly, depending on such things as the target cell type, receptors present on the cell surface, the amount of ligand available, and the presence of other signaling molecules. For example, studies on the effect of BMP4 on chick rhombencephalic neural crest suggest that the ligand promotes apoptosis of these cells in vivo (Graham et al., 1994) . By contrast, absence of BMW leads to increased apoptosis in kidneys of homozygous null embryos, raising the possibility that this ligand is normally required for the survival/differentiation of metanephric mesenchyme cells and the suppression of their programmed cell death (Luo et al., 1995) . Gene targeting experiments have suggested that BMP4 promotes the proliferation and differentiation of epiblast cells in pregastrulation mouse embryos (Mishina et al., 1995; Winnier et al., 1995) . By contrast again, local overexpression of Bmp4 leads to the inhibition of proliferation of inner root sheath epidermal cells of hair and whisker follicles in transgenic mice (Blessing et al., 1993) . These results show that BMPs have the potential to either promote or inhibit proliferation, cell survival or apoptosis, depending on the context in which they are expressed. Given this caveat, a few possible functions of BMPSA and B are discussed briefly below.
I. BMPs and placental development
The roles of BMPs during implantation and placental development have not been well established, although transcripts for Bmp2, Bmpl, Bmp6 (Lyons et al., 1989 (Lyons et al., , 1990 ; G.-Q. Z., unpublished results) and BmpBa and 86 have all been detected in extra-embryonic sites by in situ hybridization.
The expression of Bmp8a described here overlaps with that of Bmp2 (data not shown). High levels of both transcripts are present in the deciduum, not at the time of implantation, but rather when decidual cell proliferation and hypertrophy peak (for review see Finn, 1971) . Bmp8a expression decreases when the growth of the deciduum slows down (Finn, 1971) . This temporal and spatial pattern suggests that these ligands are involved in promoting the proliferation, survival and/or differentiation of the uterine stromal cells.
In the placenta, the trophoblast cells in the labyrinthine region are a relatively undifferentiated and rapidly proliferating population which gives rise to the cells in the spongiotrophoblast layer. The outer layer of spongiotrophoblast cells further differentiate into non-dividing trophoblast giant cells (for review see Billington, 1971; Cross et al., 1994) . The expression of Bmp8b is highest in the labyrinthine trophoblast region while that of Bmp4 is highest in the spongiotrophoblasts (G.-Q. Z., unpublished results). This finding suggests that Bmp8b and Bmp4 may promote the proliferation/survival of trophoblast cells and/or regulate their differentiation into spongiotrophoblasts and ultimately into giant trophoblasts.
In the past few years, a number of genes encoding transcription factors have been detected in the trophoblast cells of the developing placenta (for review see Cross et al., 1994) . Among these gene products, the evidence suggests that helix-loop-helix (HLH) transcription factors, Mash-2 (Johnson et al., 1990; Guillemot et al., 1994) , Id-1, Id-2 (Evans and O'Brien, 1993; Cross et al., 1994; Janaypour et al., 1994) and Hxt (Cross et al., 1995) affect the proliferation and differentiation of trophoblasts. The newly identified eHand transcripts were also detected at high levels in the trophoblast lineage (Cserjesi et al., 1995) . The expression of BMPs and HLH proteins in the placenta may reflect complex interactions among these two groups of proteins in regulating the growth and differentiation of the placenta. The fact that BMP purified from bone matrix inhibits differentiation of myoblastic cells by suppressing the expression of MyoD family of HLH proteins (Murray et al., 1993) supports such a hypothesis.
The role of BMP8 proteins in spermatogenesis
Up to now, three of the TGF/I superfamily members have been shown to be expressed in germ cells. Gdfg is specifically expressed in the oocytes (McGrath et al., 1995) while BmpS genes are the first members of this superfamily shown to be expressed in male germ cells. In the testes of young animals before any round spermatids appear, Bmp8 transcripts are detected in the primary spermatocytes at low levels (in situ data for testes younger than 3 weeks old not shown; Fig. 5M ,N for testis of 3.5 weeks). When round spermatids develop to stages 6-8, much higher levels of expression of Bmp8a and 8b are detected in these haploid germ cells (Fig. 5M,N) .
Such an expression pattern is distinct from those of three other known TGFfi superfamily members -Miillerian inhibiting substance (MIS) (for review see Cate et al., 1990) , inhibin, and activin (Steinberger and Steinberger, 1976; Bicsak et al., 1987; Meunier et al., 1988; Bhasin et al., 1989 ) -which are all expressed predominantly in the Sertoli cells of the testis. Furthermore, inactivation of these genes by targeted mutagenesis does not lead to a primary defect in male germ cells (Matzuk et al., 1992 (Matzuk et al., , 1995a Behringer et al., 1994; Vassalli et al., 1994) .
Rather, tumorigenesis of interstitial cells in the homozygous inhibin null mutants supports an indirect role of inhibin in testis function by inhibition of folliclestimulating hormone (FSH) production in the pituitary gland. In the absence of inhibin, the over-production of FSH causes increased proliferation and tumorigenesis of the interstitial cells (Matzuk et al., 1992) . In the absence of MIS, the development of the female reproduction system is not fully inhibited in male mice. Although the presence of both male and female reproduction systems in the male imposes anatomical incompatibility and infertility, spermatogenesis seems relatively unaffected (Behringer et al., 1994) . In the absence of activin BB subunit, spermatogenesis is normal (Vassalli, et al., 1994) , while the absence of activin BA subunit leads to perinatal lethality, so that its role in spermatogenesis cannot be evaluated (Matzuk et al., 1995a) . However, the absence of the activin receptor ActRcII only causes a reduction in the volume of seminiferous tubules, but no primary defects in the germ cell population, suggesting that this receptor may affect the proliferation and differentiation of somatic Sertoli cells (Matzuk et al., 1995b) .
In contrast to other TGF/!I members, we have shown here that the expression of the Bmp8 genes in male germ cells tightly correlates with the progression of spermatogenesis. During postnatal development of the testis, germ cells may have one of two fates: differentiation to give rise to mature sperm, or degeneration, either through necrosis or apoptosis. About 50% of early germ cells die during their lifetime, predominantly by apoptosis (Allan et al., 1987 (Allan et al., , 1992 . Our unpublished results have confirmed that before puberty a significant proportion of mouse gonocytes degenerate through apoptosis. However, with the appearance of stages 6-8 round spermatids, the levels of Bmp8 expression increase (3.5 weeks of age or older) and the number of apoptotic germ cells decreases. Such an inverse relationship between the level of Bmp8a and 8b expression and germ cell apoptosis favors a role of BMP8 in inhibiting germ cell degeneration. Furthermore, in the homozygous null Bmp8b mutant males, increased apoptosis of germ cells leads to testis degeneration and infertility, and eventually only Sertoli cells are left in the seminiferous tubules (Zhao and Hogan, unpublished data). These preliminary observations suggest a nonredundant role of BMPSA and 8B in the survival of germ cells by inhibiting apoptosis. Further studies are in progress to define the roles of the Bmp8 genes in spermatogenesis and to identify and localize potential signalling receptors in the seminiferous tubules.
Experimental procedures
Isolation of Bmpdb genomic DNA and cDNA
Approximately 5 x lo5 phage plaques of a 129/SvJ mouse genomic DNA library in lambda Fix II (Strata-gene) were spread on NZY-agar plates and transferred to Hybond positively charged nylon membranes (Amersham Life Science). Hybridization was done overnight at 65°C in 0.5 M NaH2P04 (pH 7.2), 7% sodium dodecyl sulfate (SDS), 3 mM EDTA with a mouse Bmp8u cDNA probe (containing exons 2-7; Gzkaynak et al., 1992) . Final washing was carried out at 65°C in 0.2 X SSC, 0.2% SDS for 30 min. Two overlapping clones of Bmp8u and seven overlapping Bmp8b clones were isolated. Bmp8b cDNAs were isolated by 5' and 3' RACE-PCR (Frohman et al., 1988; Bertchtold, 1989; Loh et al., 1989) with total RNA obtained from 14.5 d.p.c. placenta. Gene-specific primers were derived from exon 4 encoding part of the mature region of Bmp8b ( Fig. 3B; Bmp8b BN260 ). DNA sequencing was performed by the dideoxynucleotide termination method (Sanger et al., 1977) .
Chromosome mapping
A 2.0 kb SalI-EcoRI Bmp8a genomic DNA fragment downstream of exon 7 was used as a probe for Southern blot at high stringency. RFLVs were found with MspIdigested C57BL/6J (2.7 kb) and Mus spretus (4.0 kb) genomic DNA. A 1.4 kb XbaI Bmp8b genomic DNA fragment from intron 6 was used as a probe for Southern blot at high stringency.
RFLVs were also found with MspI-digested C57BW6J (4.1 kb) and Mus spretus (1.5 and 0.5 kb) genomic DNA. Both probes were hybridized with the Jackson Laboratory interspecific backcross DNA panel (C57BL/6JEi X SPRET/Ei) Fl X SPRET/Ei (Rowe et al., 1994 ) digested with MspI. Both genes were mapped to mouse chromosome 4 and no recombination event occurred between these two genes in this panel of 94 DNA samples. The mapping data have been submitted to the Jackson Laboratory Backcross Data on the World Wide Web at htt://www.jax.org/resourcesfdocuments/cmdata. Accession number is MGD-CREX-5 10.
DNA constructs
Bmp8a SIR380 (Fig. 3B) was constructed by inserting a 380 bp Bmp8u cDNA fragment (from base pair 1273 to 1653, Gzkaynak et al., 1992) into pBluescript KS11 between SmaI and EcoRI. Bmp8b BN260 was made by inserting a 260 bp genomic DNA fragment containing exon 4 into pBluescript KS II (Stratagene). Bmp8a 3'UTR and Bmp8b 3'UTR ( Fig. 3B) were constructed by inserting the 600 bp and 900 bp 3' untranslated regions of each gene (generated by RT-PCR) into pBluescript SKI1 (Stratagene).
Preparation of RNA and RNase protection assays
Total RNA from mouse tissues and embryos was isolated by guanidine thiocyanate-cesium chloride ultracentrifugation and phenol/chloroform extraction. RNase protection assays were performed with 1Opg total RNA from each tissue. Antisense RNA probes labeled with 32P were synthesized using T3 or T7 RNA polymerase and template DNAs Bmp8a STR380, Bmp8b BN260, and pTRI-/?-actin-mouse plasmid (Ambion). Full length probes were purified on 5% polyacrylamide-urea gels. RNase protection assays were carried out with RPAII kit (Ambion).
In situ hybridization
In situ hybridization was performed essentially as previously described (Zhao et al., 1993) with slight modifications. Freshly dissected mouse embryos and tissues were rinsed in phosphate-buffered saline (PBS), then fixed in freshly prepared 4% paraformaldehyde-PBS for 2-12 h depending on the mass of the tissues. After fixation, the tissues were rinsed in PBS and dehydrated in a series of increasing concentrations of ethanol for a period of 3-5 h. After being embedded in paraplast, tissues were sectioned at 7pm. RNA probes were labeled with [a-35S]UTP to a specific activity of 1.2 X lo9 cpm/pg. Hybridization was carried out at 50-55°C with 2 X 104cpm@1 riboprobe for 12-16 h in 50% formamide, 300 mM NaCl, 10 mM Tris (pH 7.4) 10 mM NaH2P04 (pH 6.8), 5 mM EDTA (pH 8.0), 0.2% Ficoll 400, 0.2% polyvinyl pyrrolidone, 10% dextran sulfate, 200pgg/ml yeast tRNA, and 50 mM dithiothreitol (DIT). Two 30 min high-stringency washes were carried out in 2 X SSC, 50% formamide at 60-65°C. Slides were dipped in NTB-2 Kodak emulsion, then exposed for 5-14 days at 4°C. After being developed and fixed, slides were stained in Mayer's hematoxylin (Sigma) for 3-5 min and then mounted with permount for photography.
Generation of deciduoma
Pseudopregnant
ICR females were generated by mating females in estrus with vasectomized males. Four days later, 50~1 mineral oil was injected into one uterus horn. Five days after injection, animals were sacrificed. Uterus and/or deciduoma were dissected out for fixation or RNA preparation.
Sequence comparison and GenBank accession number
Sequence comparison between Bmp8a and Bmp8b cDNAs and proteins was performed with the BLAST program of the National Center for Biotechnology Information. The Bmp8b cDNA sequence has been submitted to GenBank under accession number U39545. comments on the manuscript, Keyu Deng for technical assistance, Mary Ann Handel for advice on testis morphology, and Lucy Rowe and Lois Maltais of the Jackson
